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PREDICTION OF THE COMPETITIVENESS DYNAMICS OF PHARMACY NETWORKS 
 
O. Posylkina, Zh. Mala, M. Nessonova  
 
У ринковій економіці одним із головних завдань будь-якого підприємства (організації) є перемога в кон-
курентній боротьбі. Перемога не разова, не випадкова, а як закономірний підсумок ефективного управ-
ління цим процесом. 
Метою роботи є розробка методичних підходів до моделювання динаміки конкурентоспроможності 
аптечних мереж в умовах мінливої ринкової ситуації. 
Методи. В процесі роботи був використаний метод багатовимірного кореспондентського аналізу 
(correspondence analysis). 
Результати дослідження. Для прогнозування динаміки конкурентоспроможності аптечних мереж 
на початковому етапі було проаналізовано 53 потенційних фактори, що впливають на рівень резуль-
туючого показника. З використанням багатовимірного кореспондентського аналізу розроблено мате-
матичну модель, що дозволяє прогнозувати динаміку конкурентоспроможності аптечних мереж на 
основі обчислення «індексу конкурентоспроможності» – числового показника, що приймає позитивні 
значення в разі підвищення конкурентоспроможності та негативні – при відсутності її позитивної 
динаміки. 
Висновки. Запропоновано методичні підходи до прогнозування конкурентоспроможності аптечних 
мереж, що дозволяють приймати управлінські рішення, спрямовані на протистояння негативним 
зовнішнім впливам і досягнення лідерства у відповідності з поставленими стратегічними цілями ор-
ганізації 
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1. Introduction 
In market economy, one of the main tasks of any 
enterprise (organization) is to defeat rival competitors. It  
should not be single or random victory, but it should be 
natural result of effective management of this process. 
 
2. Formulation of the problem in a general 
way, the relevance of the theme and its connection 
with important scientific and practical issues  
 Pharmacy chain as integrated system character-
ized by a number of interrelated elements implies com-
petitiveness modeling subsystem oriented to successful 
functioning in volatile market environment; it is neces-
sary for effective management in constantly changing 
conditions. 
Peculiarities of the studied process can signifi-
cantly influence on the choice of the method of the 
pharmacy networks competitiveness dynamics; counted 
parameters variety, non-linearity of correlation between 
them, and the probabilistic nature of the studied process 
are the most significant of them. Simulation models, di-
rected to the studied process reproduction for optimiza-
tion of the analyzed parameters possible correlation to 
select the most efficient way to achieve the objectives, in 
this case the pharmacy networks competitiveness, are the 
most appropriate to solve the given problems.  
 
3.Analysis of recent studies and publications in 
which a solution of the problem and which draws on 
the author  
Issues devoted to the enterprise (organization) 
competitiveness management were disclosed in the stud-
ies of M. Porter, B. Waterman, E. Chamberlain,  
F. Edgeworth, M. Ermikh, Yu. Ivanov, A. Voronkova,  
A. Tishchenko, and others.  
Thus, in particular, theoretical aspects of enter-
prise potential competitiveness determination are shown 
in the [1]; enterprise competitiveness in marketing sys-
tem was studied in [2]; in [3] publication the method for 
estimation of industrial enterprises competitiveness level 
is displayed.  
The number of articles are also devoted to re-
search of the content and study of methodological and 
methodical approaches in pharmacy. In [4] the analysis 
of the indexes influencing on pharmaceutical enterprises 
competitiveness is shown. The content, as well as me-
thodical aspects of pharmaceutical enterprises competi-
tiveness are presented in [5, 6]. In [7] the relevance of the 
use of qualitative and quantitative methods for pharma-
ceutical enterprises competitiveness assessment is sub-
stantiated. In [8] scientific approaches to remedies com-
petitiveness are explained.  
 
4. Allocation of unsolved parts of the general 
problem, which is dedicated to the article 
At the same time, the issues of the modelling of 
dynamics of pharmacy networks competitiveness remain 
unexplored.  
 
5. Formulation of goals (tasks) of Article 
The aim of the present study was development 
of the methodical approaches for the pharmacy net-
works competitiveness dynamics modelling under vol-
atile market situation conditions using modern math-
ematical methods. The advantage the mathematical 
methods is in reproducing properties, functions and 
methods of functioning of pharmacy networks, which 
are characterized by: 
– accordance with the modeling objects; 
– common modeled object properties required for 
the research goals; 
– the ability to formalize the competitiveness de-
scription, as well as the presence of the certain rules for 
transition from the model information to information 
about the specific pharmacy chain. 
The mentioned goal was to solve the following 
tasks: 
• determination of the main factors influencing on 
the pharmacy chain competitiveness, study of the multi-
ple connections between them and construction of the 
contingency table of competitiveness indicators and pre-
dictors of the pharmacy networks competitiveness im-
provement (the Burt matrix); 
• construction of the map which shows graphically 
correlation between the pharmacy networks competitive-
ness improvement and the variables affecting it; 
• model building for competitiveness dynamics 
predicting on the basis of the multiple correspondence 
analysis. 
 
6. Statement of the basic material of the study 
(methods and objects) with the justification of the 
results  
For prediction of the pharmacy networks competi-
tiveness dynamic 53 indexes were analyzed initially to 
characterize: 
– chain pharmacy location features; 
– its daily turnover and number of employees; 
– pharmacy chain type (national/regional); 
– format; 
– additional services and discount cards availability; 
– organization structure type; 
– efficiency of the marketing complex; 
– quality system implementation; 
– work schedule; 
– competent management; 
– financial position of the pharmacy; 
– effective system for the employees motivation  etc.;  
– the ones influencing on the given resulting fea-
ture, and estimation of their influence was determined 
[9, 10]. 
The following methods were used for research: 
pairwise intergroup comparisons method using Mann–
Whitney test; contingency tables analysis using maxi-
mum likelihood criterion 2; Gamma correlation coeffi-
cient; Chaddock scale; 2-test, used by Feature Selection 
and Variable Screening tool of the Stat Soft Statistica 
Data Mining software module. Later, to create the model 
for predicting the binary target variable «pharmacy chain 
competitiveness improvement» values, four indicators 
that have the most statistically significant relationship 
with competitiveness were identified (Table 1).   
To analyze the correlation between the pharmacy 
chain competitiveness dynamics and the influencing fac-
tors, the multiple correspondence analysis method was 
used. Representation of the outcome and predictor varia-
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bles as a single space of reduced dimension projection 
was obtained using this method, which made it possible 
to investigate multidimensional correlations between the 
indexes. On the obtained projection, each of the catego-
ries of considered variables values is given as a separate 
point with its coordinates. On the basis of closeness or 
remoteness of points, it became possible to analyze the 
strength of the studied indexes mutual influence (the 
closer the points to each other, the stronger relationship 
between those indexes values that they represent). 
 
Table 1 
Predictors, influencing the most significantly on the pharmacy networks competitiveness improvement 
Predictors Features 
Level of the marketing complex 
efficiency estimation ordinal index, considered on three levels: low, medium or high 
Pharmacy location features nominal dichotomous index taking the value of 1 if the pharmacy is located in a residential area, and 0 – otherwise 
Strong financial position nominal dichotomous indexes taking the value of 1 if the pharmacy chain is 
characterized by the given advantage, and 0 – otherwise Competent management 
 
At the model constructing, both the points corre-
sponding to the target variable values (i. e. competitiveness 
improvement presence/absence), and the points correspond-
ing to the explanatory variables values were separately posi-
tioned. The points’ coordinates were used to calculate the 
distances between them. The distances from the points cor-
responding to the predictor variables values to the points 
corresponding to the outcome (target) index values were 
calculated. The Euclidean metric was used for the distances 
calculation. On the basis of the calculated distances, the 
weighting coefficients of competitiveness improvement 
predictors were determined by the following principle – the 
closer the point-predictor is to the point-value of the target 
variable, the more weight it has. The weighting coefficients 
of this index in the pharmacy chain competitiveness predic-
tion model also decreases proportionally to the increasing of 
the distance between the predictor point and the point-value 
of the target variable. 
The initial information showing the relationship 
between the predictor indexes and the target variable is 
represented by their common contingency table (Figure 
1), called the Burt matrix. Elements on the main diagonal 
of this matrix correspond the number of observations for 
each of the categories of values of the analyzed variables; 
off-diagonal blocks are two-input contingency tables for 
each pair of the indexes. 
 
Fig. 1. Correspondence analysis results: graphical scheme of the two-dimensional projection of the relationship between the  
pharmacy networks competitiveness dynamics and the factors that determine it 
 
Since both rows and columns of the Burt matrix 
are determined by the same categories of the indices un-
der consideration, it is obviously symmetric. For the 
studied variables, the Burt's matrix dimension is 1111, 
that is all the existing correlations are described by only 
66 numerical values observed in the frequency contin-
gency table. 
By using the multiple correspondence analysis, 
the Burt matrix dimension can be reduced with the max-
imum possible retention of the given multidimensional  
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relationships. The analysis showed that in order to repre-
sent the studied 1111- contingency table that keeps at 
least 90 % of the information in it, it is sufficient to use a 
5 dimension-space (Fig. 2 and Fig. 3). In this case, the 




Fig. 2. The Burt matrix of the target variable and predictors of the pharmacy networks competitiveness improvement  
 
The obtained coordinates of the Burt matrix rows 
and columns in a general 5-dimensional space were used for 
correlation graphical representation (map) creation, which 
makes it possible to visually estimate the every predictor’s 
influence degree on the pharmacy chain competitiveness 
improvement or deterioration. In Fig. 1, the two-
dimensional projection of this map into the space deter-
mined by the first two dimensions (eigenvalues) is shown.  
 
 
Fig. 3. Correspondence analysis results: eigenvalues of the Burt matrix singular decomposition and the explained by them inertia 
 
The obtained map allows visualizing the correla-
tion between the pharmacy networks competitiveness 
improvement and the variables affecting it. Thus, on the 
right side of the map, the pharmacy networks character-
ized by improvement of competitiveness are depicted 
(the big red "YES" point). Associated with the increased 
competitiveness factors (marketing complex efficiency 
high level, location out of the residential area, the availa-
bility of the competent management and strong financial 
position) are sufficiently closely grouped near the "YES" 
point (responsible for the competitive pharmacy net-
works group). The mutual arrangement of points allows 
us to conclude that the most significant factor for com-
petitiveness improvement is high level of marketing 
complex efficiency (this point is closest to the "YES" 
point), the pharmacy favorable location and the availabil-
ity of competent management, as well as a strong finan-
cial position, make slightly smaller and approximately 
equal contribution. 
In the left part of the projection, a group of non-
competitive pharmacy networks is located (the big red 
"NO" point). As the graphic shows, the location of the 
pharmacy in the residential area is the most significant 
factor determining the lack of competitiveness improve-
ment. The low level of marketing complex efficiency has 
the least impact on the pharmacy chain to be considered 
as non-competitive. The lack of competent management 
and a strong financial position are also associated with 
non-competitive pharmacies (these points are closer to 
the point "NO" than to the point "YES"). 
The point corresponding to the average level of 
the marketing complex efficiency is equidistant from the 
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"NO" and "YES" points on the map, which shows that 
this index is not the main for competitiveness improve-
ment. That is, with an medium level of the marketing 
complex efficiency, the competitiveness improvement is 
possible due to the other factors involvement. 
Nevertheless, it should be mentioned, that the giv-
en map is one of the two-dimensional projections of the 
five-dimensional space of interrelations between compet-
itiveness improvement and indicators explaining it. The 
analysis of the two-dimensional map is useful for under-
standing (reflecting) of the general tendencies and regu
larities for competitiveness management, but to clarify 
the features of the influence of explanatory variables on 
the target index, all five dimensions should be taken into 
account. 
The points’ coordinates in all five dimensions of 
the presentation space were used to quantify the influ-
ence degree of each of the explanatory variables on the 
pharmacy chain competitiveness improvement, which is 
shown as the following formula coefficients for the so-








strong financial position competent management
5.58 6.17
               




Predictor variables in this model should be considered as vectors: 
 
1
0 , at low estimation level
0
0
marketing complex level 1 , at medium estimation level
0
0
0 , at high estimation level
1
                
 
1






       
 
1
, if the pharmacy chain has this advantage
0




         
1






       
 
The “” (dot) sign means scalar product of vectors. 
The obtained value of I index as a result of calcu-
lations is interpreted as follows: if 0I   it is necessary 
to predict the competitiveness improvement of the phar-
macy chain, in case of 0I   – the absence of it. 
Using the developed model, the pharmacy chain 
competitiveness can be correctly predicted with an accu-
racy of 76.12%. At the same time, the accuracy of cover-
age of the pharmacy networks class, in which competi-
tiveness improvement was observed is 80 %, and predic-
tive accuracy for this class is 83.72 %.  
The accuracy of coverage for pharmacy networks 
without competitiveness improvement was 68.18 %, pre-
dictive accuracy for this class was 62.50 %. 
 
7. Conclusion 
Rivalry is a dynamic, developing and continuous-
ly changing process. To increase the validity of manage-
ment decisions aimed at the pharmacy networks competi-
tiveness improvement under a changing market condi-
tion, the use of the modeling methods based on the mod-
ern mathematical apparatus is expedient. 
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Using a multiple correspondence analysis, a 
mathematical model was developed; the model allows 
predicting the pharmacy networks competitiveness dy-
namics on the basis of the “competitiveness index” calcu-
lation – a numeric index taking positive values in case of 
increasing competitiveness and negative ones - in case of 
the absence of its positive dynamics. The use of the coef-
ficient-vectors in the formula for the competitiveness 
index for explaining variables allows differentiating the 
importance of each of the possible categories of predictor 
values when different ways of the competitiveness dy-
namics are determined. 
The offered mathematical approaches to the 
pharmacy networks competitiveness prediction allow 
making substantiated management decisions aimed at 
confronting all kinds of external influences and achieving 
the leadership of the pharmacy chain in accordance with 
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